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.H\ZRUGV0$1(75RXWLQJ3URWRFRO'65*'+
 ,QWURGXFWLRQ
0RELOH $GKRF QHWZRUNV DUH EDVHG RQ LQIUDVWUXFWXUH OHVV ZLUHOHVV FRPPXQLFDWLRQ DQG DUH FRPPXQLFDWH DPRQJ
WKHPVHOYHV LQ WKHLU UDGLR UDQJH*HQHUDOO\PRVW RI WKH QRGHV FRPPXQLFDWH DPRQJ WKHPVHOYHV E\ WUXVW WR RWKHUV
QRGHVDQGGXHWRPRELOLW\DQ\QRGHFDQHQWHURUOHDYHZLWKLQWKHQHWZRUN0$1(7LVDPXOWLKRSZLUHOHVVQHWZRUN
ZLWKRXWDQ\FHQWUDOFRQWURODQGIL[HGWRSRORJ\KHQFHQHHGVDQHIILFLHQWURXWLQJSURWRFROWRWUDQVPLWGDWDSDFNHWIURP
VRXUFH WR GHVWLQDWLRQ IRU D SDUWLFXODU LQVWDQFH RI WLPH 7KHUH H[LVW GLIIHUHQW W\SHV RI SURDFWLYHUHDFWLYH URXWLQJ
SURWRFROIRU0$1(73URDFWLYHLVDWDEOHGULYHQURXWLQJSURWRFRODQGWKHWDEOHVDUHQHHGWREHXSGDWHGSHULRGLFDOO\
EHFDXVHQRGHVSRVLWLRQPD\FKDQJHWLPHWRWLPHDQGSDWKLQIRUPDWLRQDPRQJWKHQRGHVVKRXOGQHHGWREHUHIOHFWHG
DFFRUGLQJO\:KHUHDV LQ UHDFWLYHURXWLQJSURWRFROEHIRUHGDWDFRPPXQLFDWLRQV WDNHSODFH VRXUFHQRGH ORFDWH WKH
SDWKWRUHDFKWRWKHGHVWLQDWLRQE\EURDGFDVWIORRGLQJURXWHUHTXHVW55(4FRQWUROPHVVDJHDQGHVWDEOLVKHVWKHSDWK
DIWHUUHFHLYLQJURXWHUHSO\55(3FRQWUROPHVVDJH'\QDPLF6RXUFH5RXWLQJ'65LVRQHRIWKHUHDFWLYHURXWLQJ
SURWRFRO DQG DQ\QRGH LQ0$1(7 WKDW DUH XVLQJ'65SURWRFRO HVWDEOLVKHV WKH SDWK DVRQ VWDWHG URXWHGLVFRYHU\
PHFKDQLVP,Q0$1(7DQRGHFDQLGHQWLI\DQGEURDGFDVWGDWDWRWKHQHLJKERXUQRGHVQRGHVWKDWDUHLQWKHLUUDGLR
UDQJH DQG WR DQ\ RXW RI UDQJH QRGH GDWD DUH WUDQVPLWWHG WKURXJK WKH LQWHUPHGLDWH QRGHV'\QDPLF WRSRORJ\ DQG
PRELOLW\ZLWKRXWDQ\FHQWUDOFRQWURODUHEDVLFQDWXUHRIDQDGKRFQHWZRUN/HDYHDQGMRLQRIDQRGHLQWKHQHWZRUN
ZLWKRXW DQ\ FHQWUDO FRQWURO FDXVH YXOQHUDEOH >@ >@ IRU0$1(7$PDOLFLRXV QRGHPD\ HQWHU LQWR WKH QHWZRUN
GXULQJURXWHGLVFRYHU\UXQQLQJE\DQ\QRGHLQWKH0$1(7QHWZRUNDQGSURPRWHZURQJLQIRUPDWLRQWRWKHVRXUFH
E\ UHSO\LQJ55(3 FRQWUROPHVVDJHEHIRUH WKH RULJLQDO55EP’s UHDFK WR WKH VRXUFH QRGHUHVXOWLQJ GDWDPHVVDJHV
PD\ORVVRUXQNQRZQGHVWLQDWLRQGHOLYHU\
$PDOLFLRXVQRGHPD\HQWHULQWRWKHQHWZRUNZLWKRXWLQIRUPLQJRWKHUQRGHVDQGQRWLFHVWKHFRPPXQLFDWLRQDPRQJ
WKH QRGHV LQ WKH QHWZRUN$ VRXUFH QRGH WKDW LV XVLQJ'65 URXWLQJ SURWRFRO DQG KDYH D GDWD WR WUDQVPLW ORFDWHV
GHVWLQDWLRQE\EURDGFDVWIORRGLQJ55(4FRQWUROPHVVDJHZLWKVSHFLILFUHTXHVWLGHQWLILFDWLRQQXPEHU$PDOLFLRXV
QRGH WKDW DUH VWD\LQJ VLOHQWO\ LQ WKH QHWZRUN UHFHLYHV WKLV55(4FRQWUROPHVVDJH DQGJHW EDFN WR WKH VRXUFH E\
VHQGLQJ 55(3 FRQWURO SDFNHW ZLWK ZURQJ SDWK LQIRUPDWLRQ7KHRXWFRPH RI WKLV SURFHVV OHDGV WR D GDWD ORVV RU
XQZDQWHGGHVWLQDWLRQGHOLYHU\RIGDWDZLWKRXWNQRZLQJDQ\WKLQJE\WKHVRXUFHQRGH,Q0$1(7WKLVW\SHVRIDWWDFN
>@ LV DQ LVVXH ZKLFK QHHGV D VROXWLRQ ,Q WKLV DWWDFN DQ LQWUXGHU FDQ LQWHUFHSW >@ WKH PHVVDJHV DQG WKURZV D
FKDOOHQJH WR DZLUHOHVV URXWLQJ SURWRFRO'65 LV RQH RI WKH LPSRUWDQW >@ URXWLQJ SURWRFROV IRU ZLUHOHVV$GKRF
QHWZRUNZKLFKQHHGVDVHFXUHURXWLQJDPRQJORWVRIVHFXULW\DWWDFNV$FFRUGLQJWR>@DXWKRUVSURYLGHVWKHVROXWLRQ
E\ILQGLQJPRUHWKDQRQHURXWHWRWKHGHVWLQDWLRQDQGH[SORLWWKHSDFNHWVHTXHQFHQXPEHULQSDFNHWKHDGHU:KHUHDV
LQ>@VKRZVDQDSSURDFKXVLQJFRRSHUDWLRQE\QHJRWLDWLQJZLWK WKHQHLJKERXUQRGHVZKRFODLPMRLQWO\DERXW WKH
GHVWLQDWLRQ2QWKHRWKHUKDQGDVSHU>@RQHFDQORFDWHWKHKDUPIXODJHQWLQDQDUELWUDU\DXWRQRPRXVDV\QFKURQRXV
QHWZRUNLQFRQWUDU\ORWVRIZRUNKDVEHHQSURSRVHGWRSURYLGHVHFXULW\LQ0$1(7
,Q RXU SURSRVDO ZH FRQVLGHUHG WKDW YHORFLW\ RI WKH QRGHV LV YHU\ OHVV VR WKDW WKH UDWH RI FKDQJH RI H[LVWLQJ
QHWZRUNWRSRORJLHVLVOHVV+HUHZHDUHPDLQO\FRQFHUQDERXWWRSUHYHQWWRHQWHUDPDOLFLRXVQRGHLQWRWKHSDWKWKDW
LV HVWDEOLVKHG EHWZHHQ VRXUFH WR GHVWLQDWLRQ GXULQJ URXWH GLVFRYHU\PHWKRGRORJ\ XVLQJ0$NET’s '65 URXWLQJ
SURWRFRO,QFRQWUDU\LIDPDOLFLRXVQRGHFDQDEOHWRHQWHULQWRWKHSDWKDQGUHFHLYHVWKH55(4FRQWUROPHVVDJHEXW
DUHXQDEOH WR LGHQWLI\ WKH VRXUFH WKHQDPDOLFLRXVQRGHFDQQRWDEOH WR JHWEDFN WR WKH VRXUFHZLWK55(3FRQWURO
PHVVDJHKDYLQJYDJXHRUXQZDQWHGSDWKLQIRUPDWLRQ7RHVWDEOLVKRXUSURSRVDOZHKDYHXVHGH[LVWLQJDXWKHQWLFDWHG
JURXS 'LIILH+HOOPDQ NH\ JHQHUDWLRQ PHWKRGRORJ\ *'+ +HUH ZH DUH QRW FRQFHUQ DERXW NH\ JHQHUDWLRQ
PHWKRGRORJLHV$FFRUGLQJWRRXUSURSRVDOZHFRQVLGHUHGWKDWRULJLQDOQHWZRUNZRXOGEHGLYLGHGLQWRDQXPEHURI
JURXSVDQGHDFKQRGHLQWKHQHWZRUNZLOOEHXQGHUVRPHJURXS+HUHZHDOVRFRQVLGHUHGWKDWHDFKJURXSFDQKROG
PD[LPXPILYHQRGHVWKDW LVGHJUHHRIHDFKQRGHZRXOGEHDOPRVWILYH(DFKQRGHZLOODOVRKROGWZRNH\VRQHLV
SXEOLFNH\3XNDQGDQRWKHURQH LVSULYDWHNH\3UN$VEHLQJ LQDJURXSHDFKQRGH KDVDW OHDVWRQHJURXSNH\
*UN LI D QRGH DOVR OLHV LQ DQRWKHU JURXS WKHQ LW KDYHPRUH WKDQ RQH JURXS NH\ 6R HDFK RI WKH QRGHV LQ WKH
QHWZRUNZLOOKROGDWOHDVWWKUHHNH\RQHSXEOLFNH\RQHSULYDWHNH\DQGRQHJURXSNH\3XN3UN*UN$Q\QRGHLI
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MRLQ LQWRWKH QHWZRUN ZRXOG EH LQ WKH UHJLRQ RI DQ\ JURXS RI WKH QHWZRUN DQG D QHZ JURXS NH\ ZLOO EH
IRUPHGE\FRQVLGHULQJQHZQRGHLQWRWKHJURXSZLWKH[LVWLQJPHPEHUV2QWKHRWKHUKDQGLIDQ\QRGHOHDYHVIURP
WKHJURXS WKHQDOVRQHZJURXSNH\ZLOO EH IRUPHGDPRQJ WKHH[LVWLQJPHPEHUVRI WKHJURXS$Q\QRGH WKDWDUH
MRLQLQJRUOHDYLQJLVQRZXQGHUWKHVXUYHLOODQFHLQWKHQHWZRUNEHFDXVHQHZQRGHPXVWKDYHWREHDPHPEHURIDQ\
H[LVWLQJ JURXS (DFK DQG HYHU\ FDVHV JURXS NH\ JHQHUDWLRQ ZLOO IROORZ JURXS 'LIILH+HOOPDQ .H\ JHQHUDWLRQ
PHWKRGRORJLHV $FFRUGLQJ WR RXU SURSRVDO DQ\ QRGH WKDW DUH HQWHULQJ LQWR WKH QHWZRUNPXVW KDYH WR LQIRUP E\
LQFOXGLQJKLPVHOIDVDJURXSPHPEHUWRDQ\SUHVHQWO\H[LVWLQJJURXSLQWKHQHWZRUNHLWKHUQRGHZLOOQRWJHWDFFHVV
WRDQ\QRGH)URPWKHVWDWHGVLWXDWLRQLW LVFOHDU WKDWDQRGHLQWKHQHWZRUNFDQRQO\FRPPXQLFDWHZLWKWKHJURXS
PHPEHUVRPDOLFLRXVQRGHZRXOGQRWEHDEOHWRLGHQWLI\WKHVRXUFHLIKHFDQQRWEHWKHPHPEHURIWKHDQ\JURXS
DQG LIEHFDPHPHPEHU WKHQ WKHQRGHZLOOEH LGHQWLILHGE\ WKHJURXS+HQFH LIDPDOLFLRXVQRGHFRXOGJHW5RXWH
5HTXHVW55(4FRQWUROPHVVDJHEXWDUHQRWLGHQWLILHGWRZKRP5RXWH5HSO\55(3LVWREHVHQWWKHQWKHUHLVQR
ZD\WRPLVJXLGHWKHVRXUFH2QWKHRWKHUKDQGLIZHFDQSUHYHQWWKHPDOLFLRXVQRGHVWRHQWHULQWRWKHQHWZRUNE\
XVLQJJURXSPDQDJHPHQWPHFKDQLVPWKHQDOVRFKDQFHVRIPLVJXLGDQFHGXHWRPDOLFLRXVQRGHVZLOOUHGXFHVKHQFH
UHOLDELOLW\RIWKHQHWZRUNLVDOVRLQFUHDVH
,QWKLVSDSHULQVHFWLRQWKHEDVLFVRI'65SURWRFRODQGJURXS'LIILH+HOOPDQSURWRFROLVGHVFULEHG,QVHFWLRQ
WKHSURSRVDORIRXUZRUNZLWKDOJRULWKPLVSUHVHQWHGDQGLQVHFWLRQZHFRQFOXGHRXUSURSRVDOZLWKIXWXUHZRUN
DQGILQDOO\WKHUHIHUHQFHVDUHJLYHQ
 %DVLFVRI'653URWRFRODQG'LIILH+HOOPDQ
 %DVLFVRI'653URWRFRO
2XUSURSRVDORIWKHZRUNLVWRSURYLGHVHFXULW\LQ'65URXWLQJSURWRFROGXULQJWKHLQYHQWLRQRIWKHGHVWLQDWLRQE\
WUDQVPLWWLQJ FRQWURO SDFNHW E\ WKH VRXUFH LQ DQ$GKRF QHWZRUN ,Q'65 URXWLQJ SURWRFRO FRQWURO SDFNHWZKLFK
IROORZVDURXWH LVPDLQWDLQHGE\WKHVRXUFHDQGLQFOXGHGHDFKXQLTXHKHDGHUE\WKHLQWHUPHGLDWHQRGHVDQGDJDLQ
EURDGFDVWIORRGLQJ WKHFRQWUROSDFNHW WR WKHQH[WKRS'65URXWLQJSURWRFROZRUNVDFFRUGLQJ WR5RXWH'LVFRYHU\
5''DWD)RUZDUGLQJ')DQG5RXWH0DLQWHQDQFH505'ZRUNVXVLQJWZRFRQWUROPHVVDJHV55(45RXWH
5HTXHVWDQG55(35RXWH5HSO\:KHQDVRXUFH6KDVDGDWDWREHVHQWWRDSDUWLFXODUGHVWLQDWLRQ'DWILUVWLW
FKHFNVLWVRZQ5RXWH&DFKH WKDWDUHDFFXPXODWHGIURPSUHYLRXVGDWDFRPPXQLFDWLRQDQGLIQRWIRXQGWKHQVWDUWV
5'WRORFDWHWKHGHVWLQDWLRQ'XULQJURXWHGLVFRYHU\DWILUVWDVRXUFHQRGHZLOOEURDGFDVWIORRGLQJ55(4FRQWURO
SDFNHWZLWKLQ LWV UDGLR UDQJH7KLV55(4FRQWUROSDFNHWRI LQLWLDWRU 6RXUFHFRQWDLQVXQLTXH LGHQWLILFDWLRQ IRU D
WDUJHWGHVWLQDWLRQXQLTXHUHTXHVW LGHQWLILFDWLRQQXPEHUGHWHUPLQHGE\WKHVRXUFHDQGDOVRFRQWDLQVHPSW\URXWH
UHFRUGOLVWWRKROGWKHDGGUHVVHVRIWKHLQWHUPHGLDWHQRGHV>@7KHLQWHUPHGLDWHQRGHVZKRUHFHLYHV55(4DWILUVW
FKHFNV WKH WDUJHW DGGUHVV LI WKH DGGUHVV IRU LWVHOI LH LI WKH QRGH LV GHVWLQDWLRQ QRGH WKHQ VHQGV 5RXWH 5HSO\
55(3 WR WKH VRXUFHRWKHUZLVH EURDGFDVWV WKHSDFNHW LQ LWV UDGLR UDQJHE\ DGGLQJRZQ DGGUHVV LQ WKHKHDGHU RI
55EQ’V5RXWH5HFRUG55OLVW7RVHQG55(3WRWKHVRXUFHGHVWLQDWLRQQRGHLQLWLDOO\ORRNVLWV5RXWH&DFKHIRU
WKHVRXUFHDQGLIIRXQGVHQGV55(3LQWKDWSDWKDQGLIQRWIRXQGVWDUWVRZQ5'IRU WKDWVSHFLILFVRXUFH,QRWKHU
VHQVHWKHGHVWLQDWLRQFDQIROORZWKHVDPHSDWKDVUHFHLYHGLQ55OLVWWKURXJK55(4%LGLUHFWLRQDOFRPPXQLFDWLRQ
LVQRWSRVVLEOHHYHU\WLPHLQZLUHOHVVFRPPXQLFDWLRQEHFDXVHWKHSDLUZLVHOLQNLQERWKGLUHFWLRQVDPRQJWKHQRGHV
ZLOOYDU\GXHWRDQWHQQDDQGVRXUFHVLQWHUIHUHQFH&RQVHTXHQWO\LIWKHLQWHUPHGLDWHQRGHLVQRWWKHGHVWLQDWLRQEXWLW
KDYHDSDWKLQIRUPDWLRQLQLWVURXWHFDFKHIRUZKLFKWKHVRXUFHJHQHUDWHURXWHUHTXHVWDOVRFDQVHQG55(3WRWKH
VRXUFHZLWKFRPSOHWHSDWKDGGUHVVWKURXJK55(3FRQWUROPHVVDJH)RUH[DPSOHFRQVLGHUILJKHUHQRGH6KDVD
GDWDIRU'VRLWEURDGFDVWIORRGLQJ55(4LQLWVUDGLRUDQJH$FFRUGLQJO\IURPILJKHUHQRGH$UHFHLYHV55(4IRU
'DQGORRNVLWVURXWHFDFKHVRWKDWDQ\SDWKWRZDUGVWKHGHVWLQDWLRQH[LVWVRUQRWLIQRWIRXQGDJDLQEURDGFDVW55(4
E\DSSHQGLQJLWVRZQDGGUHVV,Q)LJ%ZLOOIROORZWKHVDPHSURFHVV


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


)LJ6KDVDGDWDIRU'DQGEURDGFDVWIORRGLQJ55(46)LJ1RGH$UHFHLYHV55(4DQGEURDGFDVWIORRGLQJ55(4WRORFDWH'

)LJ1RGH%EURDGFDVWIORRGLQJ55(46$%
%DVLFVRI'LIILH+HOOPDQ
%DVLFDOO\'LIILH+HOOPDQSURWRFRODOORZVWZRXVHUVWRH[FKDQJHDVHFUHWNH\RYHUDQLQVHFXUHPHGLXPZLWKRXWDQ\
SULRUVHFUHWV6XSSRVHWZRSHRSOHVDUHZLVKLQJWRFRPPXQLFDWH7KH\GRQRWZDQWDQ\HDYHVGURSSHUWRNQRZWKHLU
PHVVDJH1RZERWKDUHDJUHHGXSRQDQGPDNHSXEOLFWZRQXPEHUVgDQGpZKHUHpLVDSULPHDQGgLVDSULPLWLYH
URRWPRGpDQGLQWKHQHWZRUNDQ\RQHFDQDFFHVVWKHVHWZRSXEOLFQXPEHUV)RUH[DPSOHFRQVLGHUWZRQRGHVDUH
$OLFHDQG%RE1RZ$OLFHFKRRVHVDUDQGRPQXPEHUµD¶DQGFRPSXWHV8DQGVHQGLWWR%RE

8Łga(mod p) 
%REFKRRVHVDUDQGRPQXPEHUÄE¶DQGFRPSXWHV9DQGVHQGVLWWR$OLFH

9Łgb(mod p) (2) 

1RZ%REZLOOFRPSXWHWKHNH\.E\FRPSXWLQJ

.Ł8EŁga)b(mod p)      (3) 

6LPLODUO\$OLFHZLOODOVRFRPSXWHWKHNH\.

.Ł9DŁgb)a(mod p)                       (4) 
1RZERWK$OLFHDQG%REKDYHWKHVDPHNH\

. gab (mod p)                           (5) 

,IDPDOLFLRXVQRGHWKDWHQWHULQWRWKHQHWZRUNZDQWWRFRPSXWH.WKHQQHHGWRNQRZWKHUDQGRPQXPEHUYDOXHÄD¶
DQGÄE¶WKDW$OLFHDQG%REKDVEHHQFKRVHQEXWLW’s LPSRVVLEOHDVWKH\KDYHQRWVKDUHGWKLVWZRQXPEHUWKLVQXPEHUV
LVQRWSXEOLF+HQFHZLWKRXWVKDULQJNH\WKHFRQILGHQWLDONH\FDQEHIRUPHGDPRQJWZRQRGHV
$FFRUGLQJWRWKHSUHYLRXVFRQFHSWQRZLIWKHQXPEHURIQRGHVLVPRUHWKDQWZRWKHQWKHNH\JHQHUDWLRQFDQEH
VDLGDVJURXSNH\JHQHUDWLRQWKDWLVJURXS'LIILH+HOOPDQNH\*'+)RUH[DPSOHFRQVLGHUWKDWILJLVDQDGKRF
QHWZRUNDQGGLYLGHGLQWRDQXPEHURIJURXSVNQRZQDV***DQG*(DFKPRELOHQRGHLVXQGHUVRPHJURXS
DQGKHUHZHFRQVLGHUWKDWWKHPD[LPXPGHJUHHRIHDFKQRGHFDQEHILYH

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
)LJ$Q$GKRFQHWZRUNZKLFKGLYLGHGLQWRIRXUJURXSV***DQG*DUHHDFKJURXSKDYLQJVRPHQRGH
6RDVRQSUHYLRXVH[DPSOHIRU*IURPILJWKHJURXSNH\ZLOOEH

*UN JDEFG
:KHUHDEFGDUHWKHUDQGRPQXPEHUJHQHUDWHGE\QRGHV$%&'

6LPLODUO\JURXSNH\IRU**DQG*LVVKRZQLQ(TXDWLRQDQG+HUHQRGH')DQG+HDFKKDYHPRUH
WKDQRQHJURXSNH\DVWKHVHQRGHVOLHVLQPRUHWKDQRQHQXPEHURIJURXSV

*UN JGIH
*UN JJIK
*UN JKNML

 3URSRVDORIWKHZRUN
,QRXUSURSRVDOZHFRQVLGHUHGWKDWWKHQHWZRUNZLOOEHGLYLGHGLQWRDQXPEHUVRIJURXSV6RHDFKQRGHZLOOEH
XQGHUVRPHJURXSDQGIRUPHGWKHLUJURXSNH\XVLQJ*URXS'LIILH+HOOPDQNH\JHQHUDWLRQPHWKRGRORJ\$FFRUGLQJ
WRXVZKHQDQ\VRXUFH6KDVDGDWDWRVHQGWRDSDUWLFXODUGHVWLQDWLRQ'DQGDUHXVLQJ'65URXWLQJSURWRFROLW’s
DSSO\URXWHGLVFRYHU\PHWKRGRORJ\DQGEURDGFDVWIORRGLQJ55(4FRQWUROPHVVDJHE\HQFU\SWLQJWKHVRXUFHDGGUHVV
6$''LQWKHKHDGHURI55(4XVLQJDXWKHQWLFDWHGJURXSNH\RIWKHJURXSLQZKLFKJURXSÄ6’ OLHVRQ7KHJURXS
PHPEHUVQHLJKERUQRGHVZKRUHFHLYHG55(4ORRNVWKHGHVWLQDWLRQDGGUHVVRIWKHUHFHLYLQJ55(4FRQWUROILHOGLI
WKHGHVWLQDWLRQDGGUHVVLVQRWIRUKLPLWGHFU\SWWKHVRXUFHDGGUHVVDQGDJDLQHQFU\SWWKHVRXUFHDGGUHVVZLWKRWKHU
JURXSNH\LIWKHQHLJKERUQRGHVDUHDOVRWKHPHPEHUIRURWKHUJURXSOLNHQRGH*)+RIILJH[FHSWWKHJURXS
NH\WKDWZDVXVHGWRGHFU\SWWRNQRZWKHVRXUFHDGGUHVV$Q\PDOLFLRXVQRGHLIHQWHUVLQWRWKHQHWZRUNDQGUHFHLYHV
UHVSHFWLYH55(4LVXQDEOH WRGHFU\SW WKHVRXUFHDGGUHVVDV LW’s QRWDJURXSPHPEHUZKHUHYHUWKHPDOLFLRXVQRGH
HQWHUVLQWRWKH0$1(7+HQFHWKHPDOLFLRXVQRGHLVXQDEOHWRJHQHUDWH55(3FRQWUROPHVVDJHWRWKHVRXUFHZLWK
ZURQJSDWKLQIRUPDWLRQDVWKHPDOLFLRXVQRGHZLOOQRWLGHQWLI\WRZKRPKHZLOOVHQGWKHUHSO\
1RZFRQVLGHULQJDERXWURXWHUHSO\55(3WKDWFDQDOVREHJHQHUDWHGE\LQWHUPHGLDWHQRGHZKRKDYHDSDWK
LQIRUPDWLRQ LQ KLV URXWH FDFKH IRU WKDW UHVSHFWLYH GHVWLQDWLRQ IRU ZKLFK 5' LV JHQHUDWHG E\ WKH VRXUFH DQG
EURDGFDVWIORRGLQJ55(4FRQWUROPHVVDJHRURULJLQDOO\E\ WKHGHVWLQDWLRQ LQWHUPHGLDWHQRGHPD\QRWKDYHDQ\
LQIRUPDWLRQ DERXW WKH GHVWLQDWLRQ:KRHYHU LV JHQHUDWLQJ55(3PD\ UHSO\ LQ WKH SDWK WKDW LV UHFHLYHG WKURXJK
55(4UHFRUG OLVW ILHOG DQGHQFU\SW WKHGHVWLQDWLRQ DGGUHVVE\ WKHSXEOLFNH\RI WKH VRXUFHQRGHDQGHQFU\SW WKH
VRXUFHDGGUHVVE\WKHJURXSNH\LQZKLFKWKHGHVWLQDWLRQLVOLHVRQ$JDLQDQ\PDOLFLRXVQRGHZKRUHFHLYHG55(3
PD\ QRW EH DEOH WR HDYHVGURS WR ERWK VRXUFH DQG GHVWLQDWLRQ EHFDXVHPDOLFLRXV QRGH DUH XQDEOH WR HQFU\SW WKH
GHVWLQDWLRQDGGUHVVDQGIURPSUHYLRXVFRQFHSWRI55(4WKHVRXUFHDGGUHVVZLOODOVRQRWEHDEOHWRFDOFXODWHGE\WKH
PDOLFLRXVQRGHKHQFHSUHYHQWLQJWKH$WWDFN
2QWKHRWKHUKDQGDFFRUGLQJWRRXUSURSRVDODQRWKHURSWLRQWKDWZHSRLQWHGRXWWRSUHYHQWWRHQWHUXQZDQWHGRU
PDOLFLRXVQRGHLQWRWKHQHWZRUNWKDWLVDOVRDOUHDG\KDSSHQIURPRXUSURSRVHGDOJRULWKP:KHQDQHZQRGHZLOOWU\
WRRSHUDWHLQWRWKHQHWZRUNWKH\QHHGWREHSDUWLFLSDWLQJLQJURXSNH\JHQHUDWLRQPHWKRGRORJ\DVDPHPEHURIWKDW
JURXSLQZKLFKJURXSWKHQHZQRGHLVHQWHUHGLQWRWKHQHWZRUN$VZHOODVDOOWKHPHPEHUVRIWKDWJURXSDUHDOVR
QHHGVWRSDUWLFLSDWHLQJURXSNH\JHQHUDWLRQPHWKRGRORJ\DQGDJDLQDQHZJURXSNH\ZLOOIRUP+HQFHIURPQRZ
WKLVQHZQRGHLVNQRZQE\VRPHPHPEHURIWKHQHWZRUNDQGLIPLVEHKDYHWKDWFDQHDVLO\EHLGHQWLILHG)RUH[DPSOH
FRQVLGHULQJILJLIVRXUFHQRGHLVÄA’ DQGGHVWLQDWLRQQRGHLVÄI’. 2QHRIWKHSDWKWKDWDUHEHLQJHVWDEOLVKHGXVLQJ
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'6R’s 55(4DQG55(3FRQWUROPHVVDJHLV$')+,6RDVSHUWKHSURSRVDOWKHIROORZLQJVWHSVDUHIROORZVLQ
WKHKHDGHUSDUWRI55(4DQG55(3FRQWUROSDFNHW

6WHS55(4+HDGHU>A’s aGGUHVVHQFU\SWHGE\*UNLQLWLDOO\HPSW\LQWHUPHGLDWHQode’sDGGUHVV'$''
5HTXHVW,'@
6WHS55(4+HDGHU>'GHFU\SWVA’VDGGUHVVE\*UNDQGHQFU\SWHGE\*UNLQWHUPHGLDWHQRGH''$''
5HTXHVW,'@
6WHS55(4+HDGHU>)GHFU\SWVA’VDGGUHVVE\*UNDQGHQFU\SWHGE\*UNLQWHUPHGLDWHQRGH')'$''
5HTXHVW,'@
6WHS55(4+HDGHU>+GHFU\SWVA’VDGGUHVVE\*UNDQGHQFU\SWHGE\*UNLQWHUPHGLDWHQRGH')+
'$''5HTXHVW,'@
6WHS55(4+HDGHU>A’s aGGUHVVGHFU\SWHGE\QRGH,XVLQJ*UNLQWHUPHGLDWHQRGH')++,06(/),6
'(67,1$7,215HTXHVW,'@
6WHS55(3+HDGHU>A’s aGGUHVVHQFU\SWHGE\$’VSXEOLFNH\PD\IROORZ55(4’sSDWKRULWVown), (D’s 
DGGUHVVHQFU\SWHGE\*UN5HVSRQVHZLWK5HVSHFWLYH5HTXHVW,'@
6WHS55(3+HDGHU[(A’VHQFU\SWHGDGGUHVVLQWHUPHGLDWHQRGHV'’s DGGUHVVGHFU\SWHGHQFU\SWHGDQGDJDLQ
EURDGFDVWHGDVVLPLODUIDVKLRQRI55(4E\WKHLQWHUPHGLDWHQRGHVDVSURSRVHG5HVSRQVHZLWK5HTXHVW,'@
6WHS55(3+HDGHU>$’VDGGUHVVGHFU\SWE\RZQSULYDWHNH\55(3UHDFKHGWRQRGH$,(D’VDGGUHVVGHFU\SWHG
E\*UN55(3UHFHLYHG5HTXHVW,'@

 $OJRULWKP

,QSXW6RXUFH6DGGUHVVGHVWLQDWLRQ'DGGUHVV5HTXHVW,GHQWLILFDWLRQQXPEHUIRU5RXWH'LVFRYHU\5'LQ
'65SURWRFRO

2XWSXW(VWDEOLVKDSDWKXVLQJ'65URXWLQJSURWRFROIRUDGHVWLQDWLRQQRGHZLWKRXWDPDOLFLRXVQRGHLQWKH
,QWHUPHGLDWHSDWKDQGSUHYHQWWKHDWWDFNE\WKHPDOLFLRXVQRGH

6WHS6EURDGFDVWIORRGLQJ55(4FRQWUROPHVVDJH
6WHS55(4LVUHFHLYHGE\WKHQRGHVWKDWDUHLQWKHUDQJHRI6
6WHS,I5HFHLYHU  7DUJHWWKHQ
^
6HQG55(3WRWKHVRXUFH
(OVH^
'R7DUJHWFKHFN5RXWH&DFKHVRDQ\SDWKLVH[LVWVIRUGHVWLQDWLRQ'^
LIIRXQG^
55(3HQFU\pted S’sDGGUHVVE\JURXSNH\RIUHFHLYHUSDWKWKDWLVIRXQGLQLWVRZQ5RXWH&DFKH
(QFU\SWGHVWLQDWLRQDGGUHVVE\6’s pXEOLFNH\
`
(OVH^
%URDGFDVW55(4'HFU\SWVRXUFHDGGUHVVDQGDJDLQ(QFU\SWE\RWKHUJURXSNH\ZKLFKDUHQRWXVHGWR
HQFU\SWDSSHQGLQWHUPHGLDWe’s RZQDGGUHVV'$''5HTXHVW,'
`
`
`
`
6WHS'UHFHLYHG55(4
6WHS'VHQGV55(3>HQFU\SWHG6’sDGGUHVVE\JURXSNH\RIGHVWLQDWLRQLISDWKIRXQGLQD’s RZQ5RXWH&DFKH
RWKHUZLVHGLVFRYHUSDWKIRUWKHVRXUFHHQFU\SWGHVWLQDWLRQDGGUHVVE\S’s pXEOLFNH\
(QG
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$FFRUGLQJWRRXUSURSRVDOLWLVDOVRFOHDUWKDWLIDPDOLFLRXVQRGHWULHVWRHQWHULQWRWKHQHWZRUNWKH\DUHQRZFDQ
HQWHUEXW WKH\FDQQRWRSHUDWHDQ\WKLQJE\ WKHLURZQ7KH\QHHG WR LQIRUPDERXWKLVSUHVHQWV LQ WKHQHWZRUN DVD
JURXSPHPEHUDPRQJDQ\RIWKHJURXSVWKDWDUHH[LVWVRQWKDWSDUWLFXODULQVWDQFHRIWLPHIRUD0$1(72QRWKHU
VpDQFHDQ\QRGHVWKDWDUHWDNLQJSDUWLQFRPPXQLFDWLRQPD\EHDVRXUFHLQWHUPHGLDWHQRGHRUGHVWLQDWLRQDUHQRZ
NQRZQDWOHDVWE\RQHRIWKHPHPEHULQWKH0$1(71RERG\LVXQNQRZQLQWKHQHWZRUNQRZZKRPD\DOVRWDNH
SDUWLQIXWXUHFRPPXQLFDWLRQ

 &RQFOXVLRQDQG)XWXUH:RUN
,QWKLVSDSHUZHKDYHWULHGWRJLYHDSUREDEOHVROXWLRQWRSUHYHQWWRHQWHUDPDOLFLRXVQRGHLQWRDQH[LVWLQJQHWZRUN
WKDWPD\JHQHUDWHDQDWWDFN+HUHZHDUHQRWFRQFHUQLQJDERXW WKH.H\JHQHUDWLRQPHWKRGRORJ\DQGZHKDYHQRW
DOVRFRQVLGHUHGKHUHJURXSDWWDFN7KHUHPD\EH WKHFRQVLGHUDWLRQRI WKH IHDVLELOLW\RIHQFU\SWLRQDQGGHFU\SWLRQ
SURFHVVVXFKWKDWLWZLOOQRWLQFUHDVHWKHRYHUKHDGWRGRWKHSURFHVVDVLQZLUHOHVV$GKRFQHWZRUNHDFKQRGHPD\
ZRUNDVDURXWHURUUHVRXUFHZLWKOLPLWHGHQHUJ\+HUHDIWHU.H\HVWDEOLVKPHQWLIDQ\QRGHDPRQJWKHPODWHUZRUNV
DVDPDOLFLRXVQRGHWKHQZKDWZLOOEHWKHVROXWLRQWKDWZHKDYHDOVRQRWFRQVLGHUHG6RORWVRIIXWXUHVFRSHVDUHVWLOO
OHIWLQWKLVSUHVHQWSURSRVDO

5()(5(1&(6
>@ :LUHOHVV0RELOH1HWZRUN6HFXULW\<;LDR;6KHQDQG'='X(GVSS±6SULQJHU³$6XUYH\RQ,QWUXVLRQ'HWHFWLRQ
LQ0RELOH$G+RF1HWZRUNV´7LUDQXFK$QDQWYDOHH
>@ &6,9$5$00857+<$1'%60$12-$7(;7%22.21$'+2&:,5(/(661(7:25.6-&/(5.0$;:(//$75($7,6(21(/(&75,&,7<$1'
0$*1(7,605'('92/2;)25'&/$5(1'2133±
>@ +'HQJ: /L DQG'KDUPD 3$JUDZDO 5RXWLQJ 6HFXULW\ LQ$G+RF1HWZRUNV,(((&RPPXQLFDWLRQV0DJD]LQH 6SHFLDO 7RSLFV RQ
6HFXULW\,Q7HOHFRPPXQLFDWLRQ1HWZRUNV9RO1R2FWREHUSS
>@ 0RKDPPDG23HUYDL]0LKDHOD&DUGLHQ-LHZX³5RXWLQJ6HFXULW\LQ$G+RFZLUHOHVV1HWZRUNV´1HWZRUN6HFXULW\6SULQJHU
>@ (OL]DEHWK05R\HUDQG&KDL.HRQJ7RK³$5HYLHZRI&XUUHQW5RXWLQJ3URWRFROVIRU$G+RF0RELOH:LUHOHVV1HWZRUNV´,(((3HUVRQDO
&RPPXQLFDWLRQVSS$SULO
>@ 0RKDPPDG$O6KXUPDQ DQG 6HRQJ0RR<RR 6HXQJMLQ 3DUN ³$WWDFN LQ0RELOH$G+RF1HWZRUNV´$SULO  3URFHHGLQJV RI WKH QG DQQXDO
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